say, 10, down to submicroscopic sizes, probably derived mainly from the dried plant tissue debris or "trash" which passes through the machines with the cotton (Fig. 1) ; (3) bacteria, which are mainly soil and water organisms from the cotton fields and are present in extraordinarily large numbers in the card-room air; and (4) fungal spores and hyphae of which numbers are large, but in no way comparable with those of the bacteria. The present paper deals with counts of viable bacteria, as collected in a Bourdillon-type slitsampler on nutrient agar and incubated at 370 C. (Bourdillon, Lidwell, and Thomas, 1941) ; counts of fine dust particles in the range of 0i 5 to 6: in diameter, collected in a thermal precipitator and 151 counted under a 2 mm. oil-immersion lens (Green and Watson, 1935) ; and gravimetric estimations of the total airborne solids collected in small electrostatic precipitators (Drinker, 1932) .
Results are reported for the conditions in the card rooms of a group of six cotton spinning mills before and after the introduction of oiling.
Experimental Plan Each mill was visited three times: once immediately before oiling was begun, a second time as soon as the oiling equipment had been in operation long enough to ensure stable conditions for the tests, and finally in the following year as nearly as possible on There were fluctuations in the conditions in the mills during the experiment, due to sporadic alterations in the operation of the ventilating systems, to the efficiency with which oiling was maintained, and to the numbers of carding machines in actual operation. These, however, arose from the day-to-day exigencies of production in the mills and were beyond our control. Where possible, steps were taken to avoid taking readings during a prolonged interruption of the normal conditions but, for the most part, such interruptions could be regarded as temporary and random, so that the means taken over the durations of the visits to each mill and over the whole group of mills give a good picture of the overall effect of oiling on the airborne contamination.
Counts of Bacteria and Dust Particles.-The resources available for these two measurements were insufficient to carry out general sampling throughout the room, and observations were therefore confined to a single site in each card room, the identical site being returned to on the later visits; this was chosen, in each case, to be as near as possible to the centre of the body of carding machines in production. Drifts of ventilating air may invalidate the implied assumption that a site thus chosen is representative of the whole card room, and variations in the counts from mill to mill may therefore be somewhat confused with variations from point to point in each card room. Nevertheless, the numerical results obtained do broadly reflect the subjective impressions of the amount of airborne contamination in each mill.
The visits made before the introduction of oiling had to be restricted to two days at each mill, in order to complete the tests throughout the group of mills in the limited time available before the oiling equipment was installed. Subsequent visits were extended to three days in every case.
Previous experience (Drummond and Hamlin, 1952) had shown that the bacterial counts in cardroom air are very high and that the volumes of air sampled must be kept small to avoid overcrowding the Bourdillon sampler plates. Special alternative slits, narrower than the standard slit, were therefore provided for the sampler, and exposures were reduced to five or 10 seconds; the sampler turntable rotated once very five seconds. Under these conditions the contamination of plates during handling in the card-room air becomes of unusual importance and the result calculated from a single plate is subject to a large systematic error. By taking a number of plates in rapid succession using different volumes of aspirated air, and plotting the observed colony counts against air volumes, however, a straight line plot is obtained of which the slope gives the true count per unit volume, while the negative intercept on the volume axis represents the mean volume of contaminating air (Fig. 2) . In the present work, sampler plates were taken in standardized groups of four VOLUME OF AIR ASPIRATED-- On the first, or pre-oiling, group of visits, 20 plates a day were taken in five groups, to give two figures for the morning and three for the afternoon on each day; on the subsequent, post-oiling, visits the plates were increased to 24 per day to give three figures for the morning and three for the afternoon.
The plates were taken with the normal work of the mill going on, though, where possible, exposures were avoided in the heavy dust clouds during stripping of the immediately adjacent cards. In the afternoon no observations of bacteria were made until the machines had been restarted for at least half an hour after the lunch hour break.
For the dust counts it was necessary, in general, to take runs of at least one hour to obtain satisfactory thermal precipitator traces, and this limited the tests to a single run in the morning and two runs in the afternoon on each day; there were a very few deviations from this routine, morning and afternoon readings always being obtained.
Runs were only taken when normal work was in progress, but they were not interrupted during the stripping of the adjacent cards since the heavy dust cloud persists for only a small fraction of the total time in a one-hour run. The visits before the installation of the oiling equipment were restricted to two days at each mill, as before, but the later visits were extended to four and sometimes five days. The electrostatic precipitators were of the Drinker design (Drinker, 1932) , with slight modification of the dimensions, and sampled at the rate of 1 cubic foot per minute. The deposit was collected on filter paper which was weighed before and after the sampling run, having been oven-dried before each weighing.
Results
From Table 1 it will be seen that, at the time of the first series of visits after the introduction of " oiling", the bacterial concentration had been reduced at five of six mills and that at four of these the reduction was statistically significant at the 5% level; at the sixth mill there was an unexplained, though significant, increase. The average reduction, over all six mills, was to 70% of the former count but, owing to the large scatter of the results, combined with the small number of mills visited, the figures do not establish the reduction as significant for the class of mills from which the sample of six was drawn. In the final group of visits it was found that the improvement in fine dust counts had been maintained but that the gravimetric loads and, more especially, the bacterial counts, showed increases which were statistically significant at most of the mills. Insufficient care in the maintenance of the oiling equipment may be partly responsible for this deterioration at some of the mills, but the changed crop year of the raw cottons themselves could be the reason for a substantial part of the change in the bacterial counts.
Qualitative Changes in the Airborne Load after Oiling.-Since the gravimetric estimation gives a less favourable figure for dust suppression than does the count of fine dust particles, and the reduction in count of fine dust is maintained while the weight of total airborne solids increases under conditions of possibly less careful maintenance of the oiling equipment, it may be concluded that the fine dust is more easily and efficiently suppressed by oil than is the fly. This is as one might expect and is supported by earlier gravimetric observations at this Institute, in which " coarse fly " was distinguished from " fine fly plus dust ". Our results, however, show no clear-cut change in the size-frequency distribution within the limited size-range of the optical counts, and we cannot confirm the reduction of median size in this range which the Factory Inspection Department has reported to be a consequence of oiling (Joint Advisory Committee of the Cotton Industry, 1952).
The analysis of the frequency distributions of types of bacteria before and after oiling has not been attempted.
Effects Other than that of " Oiling ".-An analysis of variance shows that the differences from one mill to another are statistically highly significant and constitute by far the largest source of variation in the results in all cases. How much of this variation is due to differences between mills and how much to non-uniformity of the airborne load from point to point in a card room cannot, however, be determined from the available data.
It is also found that the concentrations generally vary significantly over the duration of a visit to a mill. The magnitude of this effect seems to be rather greater in the bacterial counts than in the dust counts.
A further possible variation which has been examined is that between Mondays and other days of the week. The results have been separately collected for Mondays and other working days for Further measurements one year later, when a new crop of cotton was coming through the machines showed that, though the improvement in fine dust count had been maintained, the gravimetrically measured solids had increased again, and so, to an even greater extent, had the bacterial count. This deterioration is attributed partly to inadequate maintenance of the oiling equipment and partly to the changed crop-year of the cotton.
Analysis of the figures available showed no significant difference between the concentrations of airborne contaminants on Monday and on any other week-day.
